INTRODUCTION
For several years Lawrence Berkeley Laboratory (LBL) has collaborated with the U.S. Department of Labor's Employment and Training Administration (ETA) to provide analysts in the State Employment Security Agencies (SESAs) and in the Service Delivery Areas (SDAs), as defined under the Job Training Partnership Act (JTPA), with some of the data needed for their planning. They require estimates of the target population to be served in the coming year for a variety of administrative areas, usually counties, cities, or aggregates thereof, ranging in size down to units as small as 100,000 in population. Demographic data about the population, the labor force, and the unemployed, broken out by race, sex, and age, are needed for program planning and as projections for the next calendar year.
Such statistics are not generally available for substate areas. They can usually be obtained only for the years covered by the decennial censuses. Even these data are at least two years old by the time they are released. Thus a model has been developed to provide short-term projections of the population, labor force, and unemployment by race, sex, and age for about 1,200 substate areas (Schroeder, 1985) . To be consistent from state to state as well as within states, the projections are calculated by using a uniform methodology and nationally available data.
Population projections for the needed demographic groups are calculated by the cohort-component method (Irwin, 1977; Pittenger, 1976; Shryock, Siegel, and Associates, 1973) . This depends on sex-and age-specific fertility, mortality, and migration rates. National or state level fertility and mortality rates are used, as there is not a great deal of variation from place to place. Obtaining age-specific net migration rates for a given area is much more difficult. A considerable amount of developmental work has been done to try to improve the migration component (Schroeder and Pittenger, 1983) .
The labor force and unemployment projections are estimated by a ratio method (Irwin, 1977; Pittenger, 1976; Shryock, Siegel, and Associates, 1973) . For postcensal years, there are few data on the labor force and unemployment at the substate level. National changes are well covered, however. The January issue of Employment and Earnings contains annual averages for the preceding year (U.S. Bureau of Labor Statistics, 1986) . The ratio method relies on the assumption that local changes in labor force and unemployment rates by race, sex, and age can be approximated by the corresponding national changes (see below for details).
In summary, the labor force and unemployment projections depend on a very simple technique-the ratio method-and the previously derived population and labor force projections, respectively. Is it reasonable to use such a simple method; that is, are the resultant errors tolerable? Or should a more sophisticated method be developed?
The purpose of this paper is to test the merits of the ratio method. What are the resultant errors? What would they be if the population projections were "correct"?
In other words, how much of the error in each projection is due to the methodology of the process and how much to the use of previously calculated projections?
The next section briefly outlines the methodology of the labor force and unemployment projections, and the third section covers the testing of the models and the results. The final section summarizes the results and suggests where future efforts should be directed.
METHODS
The purpose of both the labor force and the unemployment projections is to provide race, sex, and age detail on the projected civilian labor force and unemployment. The models do not project the overall level of labor force participation or the total number of persons unemployed. Those are exogenous and must be obtained from an independent source.' Using the projected total labor force and the total number of unemployed as controls, the models estimate the distribution by race, sex, and age.
The model was developed with the 1970 census as a base.? For the civilian labor force, data were available at the local level for the two sexes, seven age groups (16--17, 18-19,20-24,25-34,35-44,45-64, and 65 and over) , and three racial groups (white, black, and other) (U. S. Bureau of the Census, 1972) . Unemployment data for all areas across the United States were available only for the two sexes and the three racial categories. Thus the labor force projections are done for two sexes, three races, and seven age groups; whereas the unemployment projections are only for sex and race.
The two models follow essentially the same methodology. The labor force projections model assumes that local changes in labor force participation rates by race, sex, and age can be approximated by the corresponding national changes. The base-year local area participation rates are multiplied by these national changes to yield preliminary rates by race, sex, and age for the target year. Multiplying these rates by the corresponding population projections yields the labor force by race, sex, and age. These preliminary projections are then controlled to an independent state-provided estimate of the total labor force to give the final labor force projections by race, sex, and age for the local area. An analogous procedure is used for the unemployment projections.
The first step in both projections is to adjust the base-year local area rates. Rates from the census measure the labor force and unemployment in late March or early April 1970. They are multiplied by race-, sex-, and age-specific factors to convert them to annual averages compatible with the annual averages of the Current Population Survey (CPS). These adjusted local area rates are then projected to obtain average rates by race, sex, and age for the local area for the target year.
Labor Force Projections
The base-year local area labor force participation rates are obtained from the decennial census--either directly or by aggregating over several geographic areas (U.S. Bureau of the Census, 1972 Census, , or 1982 . National changes in participation rates by race, sex, and age are measured by using the annual averages obtained from the CPS (U .S. Bureau of Labor Statistics, 1986) . Since the labor force projections are done for one year into the future, they require a projection of participation rates. On the assumption that changes in national participation rates over the past 10 or 12 years will continue for the near term, the trend in the more recent annual averages for each race, sex, and age group is used to estimate the participation rate in the next year for the corresponding race, sex, and age group.
To determine these trends, a regression line is fitted to the annual change in labor force participation rates as a function of time. For each race, sex, and age group ijk, the fitted regression line is used to estimate a national participation rate for the target year. As an example, assume that annual participation rates are available for the years 1970-1978,LF,&~through LF'&t and that the rates by race, sex, and age for 1980 are to be estimated, LF~l Figure 1 shows the annual change in participation rates for white females aged 34-44 as a function of time (e.g., the point for 1971 is calculated as LF~h5/LF~~5). The figure shows that the labor force participation rate for this group increased every year from 1970 to 1978 and that the increase accelerated as the decade progressed. Although this increase may continue for the short term, it clearly cannot continue for more than several years. The fitted line can be extended to yield change factors for 1979 and 1980and, eventually, t~~5.3 The estimated participation rates for 1980, iFt~, are divided by the corresponding rates for 1970, LF,&~, to obtain the national change from 1970 to 1980, Nijk:
( 1) The participation rates in the local area a, LF'&~a, are multiplied by these national changes to estimate participation rates for the target year, tFt~a:
Multiplying these participation rates by the previously projected population, P~~a, gives preliminary labor force projections by race, sex, and age, i~~a:
The final labor force projections are obtained by forcing these numbers to sum to the independently provided local area control total.
Unemployment Projections
The methodology used to create the unemployment projections is very similar to that used for the labor force projections. The base-year local area unemployment rates are, again, available from the decennial census (U.S. Bureau of the Census, 1972 Census, , or 1982 .
As with the labor force projections, the key step is obtaining national changes from 1970to the target year. Current economic conditions, however, have a much greater A N impact on unemployment rates than on labor force participation rates. To control for these, the 1970 unemployment rate of each race/sex group, UR7/, is divided by the total unemployment rate, UR70:
For a race/sex group, ij, whose unemployment is the same as the total unemployment rate, slP = 1; for those with less unemployment, sijo < 1; and for those with more, sijo > 1. National changes, Cij, are determined by comparing these ratios rather than the actual unemployment rates.
As with the participation rates, annual changes in these ratios were regressed against time; but in general, the fits were very poor, since they were dominated by the two expansion periods of 1971-1974 and 1976-1979 . Thus instead of extrapolating to the target year, the national changes, Cij, are estimated as the ratios for the latest year for which data are available, N, divided by the ratios for 1970:
Census unemployment rate ratios in the local area a, Sij~, are multiplied by the national changes to obtain ratios for the local area in the target year. These ratios are then multiplied by the total unemployment rate of the area, UR~o, to yield unemployment rates by race and sex, UR~~:
Multiplying these unemployment rates by the previously obtained labor force, L~?a, yields preliminary projections of the unemployed by race and sex,~~:
The final unemployment projections are obtained by forcing these numbers to sum to the independently provided local area control total.
TEST OF PROJECTION ACCURACY Using Summary Tape File 4 (STF4) of the 1980 census (U.S. Bureau of the Census, 1982), we are able to evaluate the performance of the labor force and unemployment projections. To test the assumption that changes at the local level can be approximated by changes at the national level and to show the amount of error introduced by the use of previously calculated projections, the following sets of projections were calculated and compared: force participation rates or in unemployment rates but assumes that the rates obtained from the last decennial census do not change. Comparison of cases a and b shows how much of the error is due to the methodology of the model and how much to the use of previously calculated projections. Comparison of cases band c shows how much using the model reduces the error over assuming that the 1970 distributions remain fixed.
To examine the performance of each model, several items estimated in the original models are replaced with actual data. First, the control totals needed in each set are those from the 1980 census rather than those estimated by a state planner. Second, in cases a and b, the national changes in labor force participation rates and unemployment rates are obtained by comparing the 1970 and 1980 CPS annual averages. Further work must be done to determine the errors due to the estimation of the national change factors. Third, the base-year 1970 census rates are not adjusted to yield annual averages; instead the actual 1970 census rates are used. Since the comparisons are with 1980 census data and not with annual averages, the March/April 1970 rates should be updated and not the 1970 estimated annual averages.
To cover a wide range of geography, the projections were calculated for substate areas in Illinois, Massachusetts, New York, Ohio, Pennsylvania, and Washington and for all states except Michigan." The substate areas are the metropolitan statistical areas, county groups, the larger counties, and some cities."
Three measures of accuracy will be used to compare the three methods with the 1980 census data. Since the geographic areas under study range in size from about 10,000 people to more than 20,000,000, all of the measures are based on a percent error. The percent, or relative, error is calculated as the estimated value minus the census value, expressed as a percentage of the census value. Specifically, the following criteria are used:
1. Mean absolute percent error: the weighted mean of the percent errors, disregarding sign.
2. Extreme relative errors: the percentage of relative errors exceeding 10 percent or 20 percent. A method apt to have several extreme errors may be useless in some applications.
3. Bias: measured by comparing the number of areas for which estimates exceed the census value with the number for which estimates are less than the census value. Ideally, half of the estimates should be too large and half too small. Table 1 summarizes the mean absolute percent errors, which are weighted by the total labor force of that area. Within each geographic area, the mean absolute percent error is the weighted average of the absolute percent errors in each race, sex, and age group.
Labor Force Projections
A comparison of cases a and b in table 1 shows that, overall, the mean absolute error is reduced by about a factor of 2 when the 1980 population projections are replaced with actual 1980 census data; in Illinois, New York, and Ohio, it is reduced by a factor of 3. A comparison of cases band c shows that the assumption that changes in labor force participation rates at the local level can be approximated by changes at the national level is valid and leads to lower levels of error than just applying the 1970 rates to the 1980 population. This is as expected because of the changing structure of the labor force during the '70s and, in particular, the increasing participation of females. labor force is 100or fewer, none of the three methods does very well. Approximately 75 percent of the errors are 20 percent or greater. These cells usually occur for the racial group "black" or "other" in more rural areas. In such situations, it is clearly desirable to collapse the detail in the projections by combining race categories. When the number of persons in the labor force is between 100 and 1,000, the magnitude of the errors shrinks. Case b is a definite improvement over the other two, and case c has a slight edge over a. Between 24 percent and 65 percent of the errors are 20 percent or greater in absolute value. Once the size of the cell is over 1,000, case b is a definite improvement over a and case a is also an improvement over c. As the size increases, the relative errors for a and b decrease faster than does that for c.
For all except the smallest labor force groups, table 2 shows that the relative errors are distributed symmetrically about zero. Table 3 shows the distribution of positive errors for each race and sex group in each state under study. For whites the estimates appear to be unbiased in cases a and b. There is a small negative bias for blacks of both sexes and a larger negative bias for others of both sexes. For case c, males of all races are substantially overestimated and females of all races are underestimated. Table 4 summarizes the mean absolute percent errors of the unemployment projections. In each area, the mean absolute percent error is calculated by weighting the absolute value of the percent error in each race and sex group by the 1980 census unemployment of that group. The mean for each row is calculated by weighting the mean in each area by the total unemployment of the area.
Unemployment Projections
The results are quite different from those for the labor force projections, with the mean absolute percent errors larger for all three cases. Furthermore, case b shows no improvement over case a. The second result is not surprising, since we have already seen that although the labor force projections were improved by using 1980 population data instead of 1980 population projections, the errors incurred using projections were not bad. Although the mean errors are quite high, a comparison of cases band c shows that using the national changes in unemployment rates is better than the alternative of keeping the 1970 distribution fixed. Note: Data are for the six categories for 295 areas in the six states identified in table 4. Total N = 1,no (= 295 x 6). Table 5 corresponds to table 2 Although the size of the error changes inversely with the size of the category, the improvement is not as dramatic as with the labor force projections. The errors are particularly large, considering that the correct total number of unemployed is used as a control and only six numbers [Sex (2) x Race (3)] are being projected. There are at least four possible reasons.
1. The numbers involved are much smaller than in the labor force projections, and in general, errors are larger when the numbers to be projected are smaller. However, 36 categories are calculated for the labor force projections, whereas here only 6 race/sex categories are involved. In an area with about 8 percent unemployment, the average number in the labor force for each race/sex/age group is only about twice the may have an impact, although the areas chosen for study were intended to minimize this problem. In an area with a substantial increase in the number of Spanish-origin persons reported because of changes in self-identification, the unemployment projections would tend to overestimate the number of unemployed whites and underestimate the number of unemployed others. Table 6 shows the percentage of positive errors in each geographical area studied. If changes in racial selfidentification were biasing the results, most of the percent errors for whites would be positive and those for others would be negative. Table 6 does not show such a pattern. Although the errors are largely positive for white females, they are largely negative for white males. For blacks and others the errors are about half positive and half negative.
4. The basic assumption on which the model depends, that is, that local race/sex changes in unemployment can be approximated by national race/sex changes in unemployment, may be erroneous. The comparison of case b with case c in table 4 shows that the use of national changes yields better results than keeping the 1970 standardized rates fixed. However, the magnitude of the errors in both cases a and b suggests that local changes in unemployment depend on more than just the pattern of national changes. Evidence suggests a considerable variation across the country in changes in unemployment rates by race and sex (U.S. Bureau of the Census, 1982) . Some of this may be explained by the industries involved. For example, in states hard hit by unemployment in the automotive industry, with traditionally male occupations, one would expect more male than female unemployment. On the other hand, in areas largely dependent on textile mills that traditionally hire females, cutbacks would hit females more than males. The data in table 6 support this observation. All of the estimates for white male unemployment were too low in Ohio, a state suffering from closures in the steel and automotive industries, both traditional sources of male employment. In Massachusetts, where finance and service industries are important and there is little heavy industry, the unemployment estimates for whites (cases a and b) were not particularly biased one way or the other.
SUMMARY
The labor force projections perform well, even for small areas, which suggests that changes in local labor force participation rates can be approximated by national changes. In fact, the mean absolute percent errors are low even when the previously calculated population projections are used.
The unemployment projections do not do as well, and using 1980 census labor force data instead of previously calculated labor force projections offers no improvement in the results. A two-step study is needed to determine why the errors are so large. First, the state level changes from 1970 to 1980 should be compared with national changes to determine the difference in unemployment rate changes by race and sex. Second, state level data on the occupational mix should be examined for the relationship between this and the changes in state level unemployment rates by race and sex.
It is hypothesized that the first step will show that even state level changes in unemployment rates by race and sex cannot be well approximated by the national changes and the second step will show that some of the variation can be explained by state differences in occupational mix.
Further studies should be made to determine how the calculation of national changes affects the results. Changes in labor force participation rates seem to follow trends, and therefore extrapolation may not have much effect on the results.
Although using the actual changes in unemployment from 1970 to the latest year available as a proxy for the changes from 1970 to the target year may have a serious detrimental effect on the unemployment projections, if some of the variation in the national changes in race and sex can be explained and some adjustments made, the actual changes may be the best proxy to use. NOTES 1 These totals are provided by analysts at the state or local level. One possible source is an extrapolation of current labor force and unemployment data available in the Local Area Unemployment Statistics series in the Bureau of Labor Statistics' LABSTAT.
2 In the early 1980s, the base-year 1970census data in all models were replaced with 1980census data. However, since the purpose of this paper is to compare projections from 1970 to 1980with 1980 census data, the following will discuss the model as based on the 1970census. 3 For 1979 and 1980, this line estimated labor force participation rates for white females aged 35--44 of 63.2 and 66.0, respectively; the actual data values were 63.0 and 65.0.
4 LBL received STF4 for Michigan several months after it had received and processed all of the other states. It has not yet been installed in the projections model. 5 These particular states were chosen for the availability of data in the LBL model and to minimize the impact of changes in racial self-identification from 1970 to 1980. As noted, the model was designed to provide SESA and SDA analysts with data needed for planning. The smaller states have just a few substate planning areas; only the larger states have enough population to contain 20-30 substate planning areas. Many substate areas were defined for Ohio, New York, and Washington, since analysts in those states had requested that the model be run for all of the counties within the state. Because of changes in racial self-identification from 1970to 1980, states with sizable Hispanic populations were avoided. In 1980 56 percent of the Spanish-origin persons nationwide were classified as white and 40 percent other; in 1970 93 percent ofthe Spanish-origin persons were classified as white and only 1 percent as other (U.S. Bureau of the Census, 1981 The difference column for the racial categories white and other clearly consists of more than births minus deaths plus migration. A large percentage of the increase of others is due to people who have changed the race with which they identify from white to Hispanic. To minimize these changes, states with large Hispanic populations, such as Florida, California, and Texas, were avoided. Other than New York City, most of the areas chosen are not greatly affected by the racial change from 1970 to 1980.
